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Travelling-wave amplifier 



The invention relates to a travelling-wave amplifier comprising two 
transmission lines, and at least two amplifiers. The invention further relates to a method for 
providing travelling-wave amplification and the use of such a travelling-wave amplifier or 
method. 

5 

US 5,550,513 describes a fully differential amplifier/The amplifier comprises 
a plurality of interconnected distributed amplifier stages, each having input means to receive 
a high frequency input signal. A pair of transmission lines for transferring the high frequency 

10 input signal to each of the distributed amplifier stages, is provided. The circuit also comprises 
a pair of output transmission lines connected to each of the distributed amplifier stages to 
deliver the summed, differential output to appropriate output terminals. Further biasing 
means are provided to supply a dc-current to the distributed amplifier stages for controlling 
the amplitude of die high frequency differential output. This differential amplifier comprises 

15 unbalanced transmission lines, which have a ground plane in which the return current flows. 

It is therefore an object of the invention to provide an improved travelling- 
wave amplifier. 

20 The object of the invention is achieved by a travelling-wave amplifier, where 

said amplifiers are coupled anti-parallel to said transmission lines. Thereby the travelling- 
wave of a first transmission line is fed to a first amplifier, said first amplifier amplifies this 
input signal and adds this amplified signal to the travelling-wave of said second transmission 
line. The travelling-wave of said second transmission line is fed to an input port of a second 

25 amplifier, said second amplifier also amplifies this signal and adds the amplified signal to the 
travelling-wave of said first transmission line. It is preferred that any two consecutive 
amplifiers are coupled anti-parallel to the transmission lines. The amplified signals are added 
to the signals on the transmission lines and with each amplifier the travelling-wave is 
amplified. 
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By providing such a travelling-wave amplifier, the signals are amplified, the 
losses on the transmission lines are compensated for, the common mode currents are reduced, 
input and output signals are isolated, and reflected waves may be suppressed. 

In an embodiment, providing said coupling means, the amplifiers may be 
coupled electrically to the transmission lines. It is preferred that said coupling means are 
electrical connections or directional coupling circuits according to claims 4 or 5. The 
directional coupling circuits may add directivity and isolation to the travelling-wave 
amplifier. 

A coupling according to claim 3 allows for easy coupling between the 
amplifiers and the transmission lines. As a spatial offset is allowed, design restrictions may 
be overcome. 

A travelling-wave amplifier according to claim 6 is further preferred. The 
travelling-wave at the two transmission lines may have a phase difference of 180°. When 
coupling the output signal of an amplifier to the travelling-wave on an transmission line, the 
phase of the signals should be matched such that the amplified signal adds to the travelling- 
wave. 

A travelling-wave amplifier according to claim 10 allows for de-coupling the 
amplifier with further circuits. 

A method for providing travelling-wave amplification, in particular with a pre- 
described travelling-wave amplifier, with two transmission lines and at least two amplifiers, 
where said travelling-waves at said transmission lines have a phase difference of 180°, where 
the output of a pair of said amplifiers is fed to said transmission lines anti-parallel such that 
the travelling-wave of a first transmission line is fed to a first amplifier, said first amplifier 
adds an amplified signal to the travelling-wave of said second transmission line and the 
travelling-wave of said second transmission line is fed to a second amplifier, said second 
amplifier adds an amplified signal to the travelling-wave of said first transmission line, is a 
further aspect of the invention. 

Yet a further aspect of the invention is the use of travelling-wave amplifiers in 
optical systems, optical switch matrices, optical communication systems, RF wideband 
products, microwave communication, set-top boxes for satellite TV or satellite 
communication, anti-collision radar, wireless local loops, advanced IC processors such as 
GaAs and InP processes. 
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These and other aspects of the invention will be apparent from and elucidated 
with reference to the following figures in which: 

Fig. 1 depicts a distributed travelling-wave amplifier according to the 

invention, 



Fig. 1 depicts a common travelling-wave amplifier (TWA). This TWA is 
based on using the parasitics of a transistor as an integral part of the transmission line. By 
connecting several transistors 3 with suitable interconnection lines between them, a 
distributed or synthetic transmission line is formed. This transmission line exhibits signal 
1 5 gain instead of signal loss. 

A synthetic transmission line is formed in the gate circuit of the transistors 3 
from the inductors 8a and the input impedances of the transistors 3. A synthetic drain 
transmission line is formed from the inductors 6a and the capacitors 6b. The inductors 6a and 
capacitors 6b are formed by parasitics of the transmission lines. The transmission lines are 
20 terminated by their characteristic impedances 4 and 5. 

An input signal is fed to die transistors from generator 2, comprising a signal 
generator 2b and a generator impedance 2a. For each transistor 3, the input signal propagates 
as a wave through a fraction of the gate line of the transistor 3 before driving the input of that 
transistor 3 and producing a drain current. The drain current generates a forward wave on the 
25 drain line, which propagates to the output 10 with output load 10a. 

The bandwidth of such a TWA is limited because of delay mismatches 
between the two synthetic lines. The gain-bandwidth product is constrained by the transistor 
power-gain cut-off frequency. 

Depicted in Fig. 2 is a block diagram of the TWA shown in Fig. 1. The 
30 transmission lines 12, 14 are connected to the amplifiers 16, which may comprise capacitors 
6b, transistors 3 and inductors 6a and 8a. 

Fig. 3 depicts a block diagram of a TWA according to die invention. Depicted 
are transmission lines 12, 14. These transmission lines 12, 14 have inputs 12a, 14a and 
outputs 12b, 14b. These transmission lines 12, 14 are connected by amplifiers 16. These 



5 



Fig. 2 depicts a block diagram of a standard travelling-wave amplifier 
according to the invention, 



Fig. 3 a travelling-wave amplifier according to the invention; and 
Fig. 4 a node of a travelling-wave amplifier according to the invention. 
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amplifiers are coupled anti-parallel to the transmission lines. The output of a first amplifier 
16 is coupled to transmission line 14. The output of the next amplifier 16 is coupled to 
transmission line 12. That means that any two consecutive amplifiers 16 are coupled to the 
transmission lines 12, 14 with different directivities. The inputs of the amplifiers 16 are not 
5 necessarily positioned spatially at the same place as the outputs, but may have spatial ofisets 
20. The inputs and outputs of the amplifiers 16 are coupled to the transmission lines 12, 14 
with coupling arrangements 18, which may be simple electrical connections or directional 
coupling circuits, providing directivity and isolation to the TWA circuit. The travelling- 
waves at the transmission lines 12, 14 have phase differences of 180°. The amplified signals 

10 at the output of each amplifier 16 should be such that the signals add to the respective 

travelling-wave on the transmission line. The phase match is achieved by varying the offset 
20, the phase of the amplifiers 16 and/or the phase of the coupling arrangements 18. 

Fig. 4 depicts one amplifier 16 coupled to transmission lines 12, 14. The 
amplifier comprises capacitor 16a, impedance 16b, and transistor 16c. Transmission lines 12 

15 and 14 are coupled to Vcc by capacitors 22b, 24b and inductors 22a, 24a. The transistor 16c 
receives its DC-bias from the transmission lines. With sixteen consecutive amplifiers 16 the 
TWA may have a gain of 11 dB with the -3dB point at 4,6 GHz, resulting in a gain- 
bandwidth product of 16,5 GHz. It is an intention of the invention to use frequencies up to 
100 GHz or more. Especially in optical networks, the bandwidth of the signal processing has 

20 to be large, e.g. a bandwidth of 10 GHz is common, hi optical networks differential 

transmission lines are often used, as lasers and photo diodes have differential connections. In 
optical switch matrices a differential transmission line may be up to 2mm long. They have to 
be implemented on semiconductor substrates and be able to connect many inputs and outputs, 
which may be achieved with a TWA according to the invention. The inventive TWA may 

25 compensate for imperfections and signal loss at the nodes of an optical switching matrix. 
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\ 9 Travelling-wave amplifier comprising two transmission lines, at least two 

amplifiers, said amplifiers being coupled anti-parallel to said transmission lines. 

2. Travelling-wave amplifier according to claim 1, wherein coupling means are 

5 provided for coupling said amplifiers to said transmission lines, respectively, 

3 m Travelling-wave amplifier according to claim 1 , wherein said coupling of an 

input port of said amplifier to one of said transmission lines is spatial by set off from the 
coupling of an output port of said amplifier to the other of said transmission lines. 

10 

4 # Travelling-wave amplifier according to claim 2, wherein said coupling means 

are electrical connections. 

5. Travelling-wave amplifier according to claim 2, wherein said coupling means 
15 are directional coupling circuits. 

6. Travelling-wave amplifier according to claim 1 , wherein the phase of the 
output signal of said amplifiers is matched with the phase of the travelling-wave on the 
respective transmission line. 

20 

7. Travelling-wave amplifier according to claim 3, wherein said spatial offset 
provides said phase matching. 

8 # Travelling-wave amplifier according to claim 1 , wherein the phase of said 

25 amplifiers provides said phase matching. 

9. Travelling-wave amplifier according to claim 2, wherein said coupling means 

provide said phase matching. 
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10. Travelling-wave amplifier according to claim 1, wherein said amplifiers 

retrieve DC-bias voltage from said transmission lines. 



1 1 • Method for providing travelling-wave amplification, in particular with a 

5 travelling-wave amplifier according to claim 1, with two transmission lines and at least two 
amplifiers, where said travelling-waves at said transmission lines have a phase difference of 
180°, where the output of a pair of said amplifiers is fed to said transmission lines anti- 
parallel such that the travelling-wave of a first transmission line is fed to a first amplifier, 
said first amplifier adds an amplified signal to the travelling-wave of said second 
10 transmission line aud the travelling-wave of said second transmission line is fed to a second 
amplifier, said second amplifier adds an amplified signal to the travelling-wave of said first 
transmission line. 



12. Use of travelling-wave amplifiers according to claim 1 or of a method 

15 according to claim 1 1 in optical systems, optical switch matrices, optical communication 

systems, RF wideband products, microwave communication, set-top boxes for satellite TV or 
satellite communication, anti-collision radar, wireless local loops, advanced IC processors 
such as GaAs and InP processes. 
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ABSTRACT: |g R im 



The invention relates to a travelling-wave amplifier comprising amplifiers and 
transmission lines. The travelling-wave amplifier provides compensation for the losses of the 
transmission lines, amplification of the signals and isolation between input and output by 
coupling the amplifiers to the transmission lines anti-paralleL 
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FIG. 4 



